Abstract We provide here a glimpse of Govindjee and his pioneering contributions on the two light reactions and the two pigment systems, particularly on the waterplastoquinone oxido-reductase, Photosystem II. His focus has been on excitation energy transfer; primary photochemistry, and the role of bicarbonate in electron and proton transfer. His major tools have been kinetics and spectroscopy (absorption and fluorescence), and he has provided an understanding of both thermoluminescence and delayed light emission in plants and algae. He pioneered the use of lifetime of fluorescence measurements to study the phenomenon of photoprotection in plants and algae. He, however, is both a generalist and a specialist all at the same time. He communicates very effectively his passion for photosynthesis to the novice as well as professionals. He has been a prolific author, outstanding lecturer and an editor par excellence.
Introduction
I am delighted to have been invited by the guest editors of these special issues on Photosynthesis Education (Suleyman Allakhverdiev, Gerry Edwards and Jian-Ren Shen) to prepare this tribute to Govindjee as we celebrate his 80th birthday (see their Editorial, this issue). I have known Govindjee since the time I became his PhD student at the University of Illinois at Urbana-Champaign in 1981. Govindjee was an outstanding mentor to all who passed through his laboratory and he continues to provide support and to promote our careers even now many years after we have left his lab. Govindjee's laboratory was always a place of great camaraderie where we were given a great deal of freedom to pursue our research topics but all the while Govindjee steered us in the appropriate direction to begin an independent research and academic career. All who have passed through Govindjee's lab and who have collaborated with him across the years have benefitted enormously from his enthusiasm, passion, encouragement and friendship.
A special message from the Govindjee family The Govindjee family is extremely pleased to hear about the Photosynthesis Research Special Issue honoring Professor Govindjee's 80th birthday. We like to joke that our father is ''Mr. Photosynthesis'' since our dinner conversations, teatimes, and even vacations (!) have been full of the news of exciting discoveries and interesting tidbits from the field of photosynthesis. Govindjee is passionate about teaching photosynthesis to all ages-including his granddaughter who was able to talk about Photosystem II as a toddler! And there isn't a member of his family who doesn't know what the Z scheme is. It is therefore a fitting tribute for his milestone birthday to honor it with special Educational and Research Issues. We are so glad to see these issues come to fruition and are grateful to all who have made it possible and to all the contributors. As Professor Govindjee would say, Let There be Light… Let There be Greenness… Let There be Water… Let There be Carbon-di-oxide… And (by WAC 1 ) Let There be Quantum Mechanical Rules for Electron and Proton Transfer, and, of course, Orderly Membrane Protein Assembly… And, More! And, you will have Oxygen to breathe with… And, of course, Food to eat! With Kind Regards, The Govindjee family (Submitted by Anita, Govindjee' s daughter; see Fig. 1 for pictures of the family.)
Govindjee: Who is he?
For those who don't know Govindjee, I provide here a brief biography. For details, see Eaton-Rye 2007a, b. Govindjee was born on October 24, 1932, at Allahabad, Uttar Pradesh, India, to Mr. Vishveshwar Prasad Asthana and Mrs. Savitri Devi Asthana. However, somehow, official records had listed his date of birth as October 24, 1933. Thus, we are celebrating his 80th birthday in 2013. Further, Govindjee, who uses one name only, did have a family name. In fact, he was Govindji Asthana; not only his last name was dropped, he even changed the spelling of his first name to Govindjee, and, further, it is now used as his last name. Thus, what has happened now is that he is often listed as FNU Govindjee (where FNU stands for First Name Unknown) because computers need all fields filled! Since he uses one name only and computers need 2 names, he has been listed by various names including: Mister Govindjee, Illini Govindjee, and Govindjee Govindjee. His family has no problem: his wife is Rajni Govindjee (retired senior biophysicist from the University of Illinois at Urbana-Champaign); his daughter is Anita Govindjee (working for IBM; her husband Morten Christiansen is Professor of Psychology at Cornell University); and his son is Sanjay Govindjee (Professor at University of California Berkeley; his wife Marilyn Govindjee teaches Spanish in California). Govindjee has 3 grandchildren (Sunita Christiansen; Arjun Govindjee; and Rajiv Govindjee) . Figure 1 shows a 2013 photograph of Govindjee and his immediate family during a 2013 family reunion in the Lake Tahoe area in California. I would like to mention that he has an elder sister Malati Sahay (retired professor of Hindi, who lives in India), and an older brother Gopalji (retired chief executive of an Engineering enterprise of the Government of India, who also lives in India). His eldest brother Krishnaji (1922 Krishnaji ( -1997 , who was a professor of Physics at the University of Allahabad, was his mentor and responsible for shaping his life. For a wonderful Tribute to Professor Krishnaji, see Govindjee and Srivastava (2010) .
Govindjee received his BSc in 1952 in Chemistry, Botany and Zoology, and his MSc in 1954 in Botany (specializing in Plant Physiology), both from the University of Allahabad.
He obtained his PhD in Biophysics in 1960 from the University of Illinois at Urbana-Champaign, where he studied under two pioneers: Robert Emerson (Sep. 1956 -Feb. 1959 and Eugene Rabinowitch (March 1959 -Sep. 1960 . He has held the following positions: 1960 -1961 1961 -1965 1965 : Associate Professor of Botany and of Biophysics; 1969-1999: Professor of Biophysics and Plant Biology; 1999-present: Professor Emeritus of Biochemistry, Biophysics and Plant Biology. His collaborative spirit, his teaching spirit and other activities are described in Eaton-Rye (2007a) . I recommend the readers to see a large collection of photographs of Govindjee's younger days as well as photographs of most of his PhD students and his postdoctoral associates in . In addition, Eaton-Rye (2007b) has a list of PhD theses of all his students as well as names of his 303 collaborators. Since then, this number has risen to at least 350 (see Appendix 1). It shows how he is constantly interacting with many around the World. I suspect this keeps him young.
Not surprisingly, beyond his ongoing research and educational activities, Govindjee enjoys recognizing students at conferences by giving them book awards (see e.g., Moore et al. 2012) , and/or congratulating those who receive the Govindjee and Rajni Govindjee Awards for Excellence in Biological Sciences (see e.g., Fig. 2 for pictures of the 2013 Awardees). An example of his recognition of his past students is his writing recollections of one of his distinguished students Tom Wydrzynski (see Govindjee 2008) .
What follows deals with some selected highlights of his research. This text is divided into the following sections, and, then, we present at the end Tributes from friends and colleagues around the World.
Pre-Photosynthesis Days (1955): Govindjee's early fascination with paper chromatography and virus infection: first paper published in Nature Major discoveries and contributions of Govindjee in understanding molecular mechanisms of Photosynthesis. It is divided into seven sections:
1. On the two light reaction and two-pigment system in oxygenic photosynthesis: beyond Robert Emerson 2. How does the minimum quantum requirement for oxygen evolution fit the above picture? And, what did Govindjee do? 3. On the discovery of new absorption and emission bands in photosynthesis: brief comments 4. Understanding of the mechanism of thermoluminescence and delayed light emission in photosynthetic systems: beyond William Arnold 5. On the very first measurement of primary charge separation in Photosystem II 6. The unique role of bicarbonate (hydrogen carbonate) in Photosystem II: beyond Otto Warburg 7. What Govindjee loves the most is: chlorophyll a fluorescence and its relationship to photosynthesis; he was Orr and Govindjee (2013) ; also see http://www.life.illinois.edu/govindjee/photoweb/ subjects.html#Light-reactions. Photographs of the 2012 and earlier Govindjee and Rajni Govindjee Awardees for Excellence in Biological Science are at (or linked from it): http://www.life.illinois.edu/ govindjee/photooftheyear2012.html the first one to introduce measurements of lifetime of chlorophyll a fluorescence to understand photoprotection in plants.
Pre-photosynthesis days (1955): Govindjee's early fascination with paper chromatography and virus infection: first paper published in Nature in Nature. Laloraya, the first author of this paper, had been a classmate of his since school days, and was at the time a PhD student of Ranjan. In this paper, the two discovered that tobacco-mosaic virus and tobacco-leaf curl virus had caused an increase in asparagine and several amino acids, especially aspartic acid, supporting the idea that virus infection may cause the formation of new proteins in the infected plants (for one of the earliest books on plant viruses, see Bawden (1943) ), and that it leads to changes in free amino acids (Commoner and Nehari 1953) . The work on tobacco had, however, been concurrent with the work on the diseased leaves of Croton sparsiflorus by Govindjee and Laloraya (Ranjan et al. 1955) ; here, a detailed method of using a 16-sector radial-cut circular filter paper horizontal chromatography was described for the first time; the idea of radial cuts was initially suggested by another PhD student of Ranjan, T. Rajarao, but it was perfected in Ranjan et al. (1955) ; also see . Yellow-mosaicinfected leaves of Croton had contained more of free lysine and histidine than the healthy leaves, again supporting Bawden's and Commoner's views. Conclusions of this research were soon tested, on many virus-infected plants by this group, working almost day and night, I am told, on Trichosanthes anguina ), on Carica sp. ), and on Abelmoschus esculentus ). (We note that Rajni Varma had joined the ''team'' of Govindjee, Laloraya and Rajarao, all working under Shri Ranjan; see a photograph at the very bottom of the web page at http://www.life.illinois.edu/ govindjee/; 2 years later Rajni Varma married Govindjee, while she was also a student of Robert Emerson, and the rest, as they say, is history.) This area was soon followed by research in Israel on virus-infected maize plants (Harpaz and Appelbaum 1961) , and then by Magyarosy et al. (1973) on squash (Cucurbita maxima) in the USA, among others. An interesting story on the day of the success by M. M. Laloraya and Govindjee in paper chromatographic separation of free amino acids in many samples that involves Shri Ranjan, supervisor of Govindjee, and of Laloraya, is available at http://www.life.illinois.edu/ govindjee/ranjan.html. What is not said there is why and how Ranjan's name was not on the Nature paper. First of all, it seems that Govindjee and Laloraya may have been naive about how the system works; it seems from many publications during that time that Ranjan was not interested in having his name on their papers on this topic. However, as Govindjee recalls: after the Nature paper was accepted, he and Laloraya went to Ranjan's office to tell him the great news. It was then that Ranjan informed the two that they must send all their future papers through his office! Had they understood the importance of this issue, I am sure they would have included Shri Ranjan in the paper as he was their great mentor. This was perhaps a formative moment in Govindjee's career as anyone who has worked with Govindjee knows, he always ensures that all contributors are included as authors on manuscripts.
Major discoveries and contributions of Govindjee in understanding molecular mechanisms of Photosynthesis
Govindjee is an authority, and a pioneer of the ''Light Reactions of Plant and Algal Photosynthesis'', particularly of Photosystem II (PS II), the system that oxidizes water to oxygen, and reduces plastoquinone to plastoquinol. He has coauthored more than 400 research papers and major reviews in many peer-reviewed journals including Science, Proceedings of the National Academy of Science USA, Plant Physiology, Biophysical Journal, Photochemistry and Photobiology, Biochimica et Biophysica Acta, and Photosynthesis Research. His major contributions have been on the mechanism of excitation energy transfer, on light emission (prompt and delayed fluorescence; and thermoluminescence), on primary photochemistry, and on Photosynth Res (2013) 116:111-144 115 electron transfer in PS II. He has had the drive, the motivation, and ingenuity in solving problems not only through ''action'', but through collaboration with those who complemented his biological and biophysical background, especially those with training in chemistry and in physics. Govindjee's many contributions have been summarized in Papageorgiou (2012a) , Eaton-Rye (2012) and Clegg (2012) , and his publications are also on his web page at: http://www.life.illinois.edu/govindjee/pubschron.html; and http://www.life.illinois.edu/govindjee/recent_papers. html.
Below, the seven topics that have been selected to illustrate the breadth of Govindjee's research output over the years are presented.
1. On the two light reaction and two-pigment system in oxygenic photosynthesis: beyond Robert Emerson When Robert Emerson discovered, in 1957 , the ''enhancement effect'' in photosynthesis-where two beams of different wavelengths of light, given simultaneously, gave higher rates of photosynthesis, than the sum of the rates in the two beams given separately (Emerson et al. 1957; Emerson and Chalmers 1958) , it led to the concept of two light reactions and two pigment systems. There were, however, two serious issues with Emerson's work: (1) the conclusion that one system was run by chlorophyll a and the other by chlorophyll b was untenable since Duysens (1952) had shown that 100 % of energy absorbed by chlorophyll b was transferred to chlorophyll a, and (2) since Emerson had used manometry, one could not be sure if the effect was on photosynthesis or respiration. The dilemma in the first issue was solved in Govindjee's PhD thesis (1960, under Eugene Rabinowitch) . It is this work that established that both the photosystems were run by chlorophyll a: a shortwave form of chlorophyll a was in the same system that had chlorophyll b (Govindjee and Rabinowitch 1960) . Further, Govindjee et al. (1960a) discovered a two-light effect in chlorophyll a fluorescence, and Rajni Govindjee et al. (1960b) solved the dilemma of the second issue when she discovered the Emerson Enhancement Effect in the Hill reaction in Chlorella cells, with an externally added quinone (that had inactivated respiration). However, the final proof came when the Govindjees published their results showing the Emerson Enhancement in NADP (nicotinamide adenine dinucleotide phosphate) reduction in spinach thylakoids (see e.g., Rajni Govindjee et al. 1964 ). In addition, mass spectroscopic results with Oxygen-18 water provided additional proof that the two-light effect was in photosynthesis, not in respiration (see e.g., Govindjee et al. 1963 ; also see Owens and Hoch 1963) ; and the Enhancement Effect was shown to exist even in deuterated Chlorella cells (Bedell and Govindjee 1966) . Also throughout this period, Govindjee did extensive work in characterizing the two light reactions and two pigment systems by other biophysical techniques. We do not discuss these results here, but refer to a chapter in a book that discusses the evolution of the current Z-scheme of photosynthesis (see Govindjee and Björn 2012 It is obvious that one would need a minimum of 8-10 quanta of light to release one molecule of oxygen in the current Z-scheme. Otto Warburg had insisted that this number is 3-4, not 8-10, the number that Emerson- Govindjee et al. 1968) . A first discussion was given by Govindjee (1999) and now, the entire controversy is covered in a wonderful book by Nickelsen and Govindjee (2011). 3. On the discovery of new absorption and emission bands in photosynthesis: brief comments During his studies in the 1960s, and in search of characterizing the pigment systems, Govindjee and coworkers discovered many new absorption and emission bands. Amongst these many reports, several stand out and these give a sense of his curiosity. First was a discovery of a pigment that absorbs at 750 nm, called P750, in the cyanobacterium Anacystis nidulans (now Synechococcus elongatus strain PCC 7942) (Govindjee et al. 1961) : it was rediscovered by many and a full story is summarized in Govindjee and Shevela (2011) ; it is, unfortunately, not involved in photosynthesis. Second, was the independent discovery, in 1963, of a fluorescence band at 696 nm (F696) at 77 K, this was later proved to arise from the PS II core antenna protein CP47 (its history is also discussed by Govindjee and Shevela (2011) ); and lastly, he discovered an emission band in the 693 nm-700 nm range when photosynthesis is saturated at high light, or inhibited by the addition of DCMU (3-(3,4-dichlorophenyl)-1,1-dimethylurea); this is the counterpart of the 77 K F696 at room temperature, but was unraveled by taking difference emission spectra (see e.g., Krey and Govindjee 1964; Govindjee and Briantais 1972) . Further, due to the closure of PS II under these conditions, Govindjee and Briantais were also able to see chlorophyll b fluorescence due to reduced energy transfer from it to chlorophyll a! When discussing this last point Govindjee was keen to point out that this has not been exploited in current studies and deserves to be pursued for kinetic changes in photosynthesis.
4. Understanding of the mechanism of thermoluminescence and delayed light emission in photosynthetic systems: beyond William Arnold Govindjee is known for his insight into the mechanism of delayed light emission (or delayed fluorescence) and thermoluminescence. William Arnold, a former student of Robert Emerson, had not only discovered, in 1932, the concept of the ''Photosynthetic Unit'' with Emerson, but, in 1951 , with Bernard Strehler, he discovered delayed light emission, while investigating the possible synthesis of ATP by plants (Strehler and Arnold 1951) , and later, in 1957, he discovered the phenomenon of thermoluminescence (afterglow) with Helen Sherwood (Arnold and Sherwood 1957) . Mar and Govindjee (1971) discovered that preilluminated spinach chloroplasts and Chlorella pyrenoidosa, when given a quick temperature jump of about 15°C, emitted light. This thermoluminescence was present both in normal and DCMU-treated samples, where electron transport to PS I was blocked, but was absent when hydroxylamine, which blocks electron transport on the donor side of PS II, was added to these samples. These results were explained not in terms of Arnold's theory of electron-hole reactions, but in terms of a back reaction of PS II of photosynthesis. This, it seems, was the beginning of Govindjee's thoughts on thermoluminescence and his recognition that Arnold's theory was in need of revision. Certainly Govindjee returned to this question when, almost 10 years later, he went to BARC (Bhabha Atomic Research Centre) in Trombay, Bombay (now Mumbai), India, to study thermoluminescence, discovering with V.G. Tatake, P.V. (Raj) Sane and coworkers abnormally large activation energies, using the well-known Randall-Wilkins theory (Tatake et al. 1981) . This was an untenable situation, and it led him to approach Don DeVault (co-discoverer, with Britton Chance, of electron tunneling), who was also at Urbana, Illinois, to help him write the equations and theory, using the detailed scheme of PS II reactions that Govindjee presented to him. By postulating temperaturedependent equilibria between two or more electron carriers in PS II, acting as traps for electrons or holes, they modified and extended the existing theories and explained not only the abnormally large activation energies but the abnormal frequency factors involved. It was in this paper that the correct theory of thermoluminescence from plants and algae was born (DeVault et al. 1983 ) and extended by DeVault and . Also see Rutherford et al. (1984) and Rose et al. (2008) for further information on his use of thermoluminescence in understanding PS II.
Further, understanding of delayed light emission (or delayed fluorescence) had consumed Govindjee's curiosity for many years. In 1971, he, with his student Ted Mar, and in collaboration with a group in Physics (William Stacy and Charles Swenberg), proposed (Stacy et al. 1971) an alternate hypothesis for delayed light in the green alga Chlorella: it involved triplet-triplet fusion, instead of the electron-hole recombination theory of William Arnold. Although they could not detect the expected magnetic field effect on the emitted light, the triplet theory was declared to be a valid option based on analysis of all their experimental data. Neither the electron-hole recombination theory, nor the triplet fusion theory has survived. Even before this paper was published, Govindjee had begun work with another student Paul Jursinic-who assembled a new instrument in his Lab. The idea that delayed light emission was due to a back reaction of PS II was explored by using various experimental systems: (1) when electron transport on the electron acceptor side of PS II was blocked by DCMU (Jursinic and Govindjee 1972) ; (2) when electrons from PS II were diverted to silicomolybdate from Q A - (Zilinskas and Govindjee 1975) ; and (3) when electron donation on the water side of PS II was blocked by Triswashing (Jursinic and Govindjee 1977a) . All these results were consistent with the back reaction concept. Further, Jursinic and Govindjee (1977b) measured the temperature dependence of delayed light in a few microseconds and hundreds of microseconds and discovered that the former was independent of temperature in the 0 to 35°C range, whereas the latter was not. Further, the short-term component had I 2 dependence, whereas the latter was linear with light intensity. Soon thereafter, and in collaboration with Colin Wraight, also at the University of Illinois, Jursinic and Govindjee discovered that there was a major difference in the microsecond and the millisecond delayed light, the former was insensitive to membrane potential, whereas the latter was sensitive to it in the presence of DpH (Jursinic et al. 1978) . Thus, although most delayed light is due to a back reaction of PS II, detailed mechanisms are different for the fast and slower components. We refer the readers to reviews by Lavorel (1975) and by Govindjee and Jursinic (1979) that cover the literature and the ideas during that period.
5. On the very first measurement of primary charge separation in Photosystem II Govindjee's heart has always been in PS II and his enthusiasm for research on PS II is infectious. Over Photosynth Res (2013) 116:111-144 117 40 years ago he initiated studies on the mechanism of excitation energy transfer as a function of temperature down to liquid helium temperature (see e.g., Cho and Govindjee 1970a, b) , and in the 1970s and 1980s he was also thinking about the various models for oxygen evolution (Mar and Govindjee 1972; Kambara and Govindjee 1985 ; also see a recent review by Najafpour et al. 2012) ; during this period he also applied, for the first time, Nuclear Magnetic Resonance (NMR) methods to monitor the oxygen clock (Wydrzynski et al. 1976; Baianu et al. 1984) . His drive to find out the nature of the very first intermediates involved and the efficiency and the speed of the primary charge separation led him to approach Mike Wasielewski at Argonne National Lab, and this led to the first successful paper showing that the charge separation occurred from a chlorophyll to a pheophytin molecule, within a few picoseconds (Wasielewski et al. 1989 ; also see Greenfield et al. 1997) . His work on the primary charge separation in PS II with Mike Wasielewski depended heavily on Mike Seibert as he knew how to make stable PS II reaction centers; this collaboration lasted almost 8 years (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) . (See the historical account by Govindjee and Seibert (2010) and the tribute from M. Seibert below.) Govindjee's pioneering measurements including those on PS I primary photochemistry (Fenton et al. 1979; Wasielewski et al. 1987) (PhD, 1975 ; see e.g., Stemler et al. 1974 for bicarbonate effects on relaxation of the ''S-states'' of the oxygen-evolving complex), and continues to do so. With another of his PhD students, Thomas Wydrzynski (PhD, 1977) , Govindjee discovered that bicarbonate clearly functioned on the electron acceptor side of PS II (Wydrzynski and Govindjee 1975) . He then went to the famous lab of Lou Duysens, in Leiden, and discovered a remarkable effect of bicarbonate on the twoelectron gate of PS II ; also see Eaton-Rye and Govindjee 1988a, b) . The most remarkable and unique discovery in Govindjee's lab has been the establishment of the extraordinary role of bicarbonate (hydrogen carbonate) on the electron acceptor side of PS II, particularly on the protonation events involving the secondary plastoquinone acceptor Q B binding region. These key studies were done working with several of his graduate students (Paul Jursinic, PhD, 1977; Rita Khanna, PhD, 1980; Wim Vermaas, PhD, 1984 (co-supervised with Prof Jack van Rensen, Wageningen Agricultural University); Danny Blubaugh, PhD, 1987 ; Julian Eaton Rye (the author), PhD, 1987; Jiancheng Cao, PhD, 1992; Chunhe Xu, PhD, 1992, and Jin Xiong, PhD, 1996) Umena et al. (2011) clearly has bicarbonate bound to the non-heme iron between the primary plastoquinone electron acceptor Q A and the secondary plastoquinone electron acceptor Q B of PS IIwhere his experiments wanted it to be present. Govindjee, I am sure, is holding his breath for the final molecular mechanism of the role of bicarbonate in bringing protons to the reduced Q B ; we now know the amino acids around the site, and it is only a matter of time before the molecular mechanism of the function of this bicarbonate ion will be solved. He has told me many times that he is equally interested in knowing about how bicarbonate functions on the electron donor side of PS II, but he has preferred to leave that problem to other experts working in that area; this includes: Alan Stemler; Slava Klimov, Suleyman Allakhverdiev, Dima Shevela, Johannes Messinger, Chuck Dismukes, among many others. It seems that this donor side bicarbonate may be weakly bound and may be somehow involved in de-protonation/protonation events. We wait for the results.
Let us all hope that by the time Govindjee turns 85, the labs working on this bicarbonate project will have the answers for him to enjoy the rest of his life! It is my belief that if Govindjee was not 80, he would be running around to the labs of others insisting on doing the experiments himself! 7. What Govindjee loves the most is: chlorophyll a fluorescence and its relationship to photosynthesis; he was the first one to introduce measurements of lifetime of chlorophyll a fluorescence to understand photoprotection in plants Govindjee's main love in the field of photosynthesis has been to relate chlorophyll a fluorescence to photosynthesis, especially to regulation of photosynthesis. This has led to a large number of edited volumes and reviews including: Govindjee et al. (1986) , Govindjee (1995 Govindjee ( , 2004 , Strasser et al. (1995) , Papageorgiou and Govindjee (2004) , Papageorgiou and Govindjee (2011), Govindjee (2011, 2012) and Kalaji et al. (2012) . Likewise this area of research has included a large number of graduate students including Carl Cederstrand (PhD, 1965 ), Louisa Yang (MS, 1965 , Anne Krey (MS, 1966) , George Papageorgiou (PhD, 1968) , John C. Munday (PhD, 1968 ), Fred Cho (PhD, 1969 , Ted Mar (PhD, 1971 ), Maarib Bazzaz (PhD, 1972 , Prasanna Mohanty (PhD, 1972 ), Paul Jursinic (PhD, 1977 ), David VanderMeulen (PhD, 1977 ), Daniel Wong (PhD, 1979 , and Paul Spilotro (MS, 1999) . In fact Govindjee's name is synonymous with the field of chlorophyll a florescence, in all aspects, but I have decided not to expand here although interested readers should consult the extensive reviews listed above. Instead we will single out fluorescence lifetime measurements below.
Steve Brody, who was at the University of Illinois, before Govindjee went there, was the first to measure lifetime of chlorophyll a fluorescence in a photosynthetic system (see a historical review by Brody (2002) ). However, Govindjee pioneered, with Henri Merkelo, use of modelocked lasers to make such measurements (Merkelo et al. 1969) , and then subsequently made lifetime of chlorophyll a fluorescence measurements, using the phase method, in Enrico Gratton's group (see e.g., Govindjee et al. 1990 ).
Govindjee's work, using lifetime measurements of chlorophyll a fluorescence was the first of its kind in understanding photoprotection by plants, under excess light, in terms of changes in rate constants of deactivation of the excited states of chlorophyll since fluorescence intensity changes alone do not distinguish between changes in chlorophyll concentration and changes in rate constants of de-excitation of excited states. The pioneering paper was that by Gilmore et al. (1995) , where a dimmer switch was discovered: as more and more light was given to a photosynthetic system, a proportion of chlorophyll a that had a *2 ns lifetime of chlorophyll fluorescence was converted into a component that had a 0.4 ns lifetime! A relationship with the carotenoids zeaxanthin and antheraxanthin was also established (see e.g., Gilmore et al. 1998) . Then, in collaboration with the late Robert Clegg, and a visiting student from Germany, Oliver Holub (PhD, 2003) , Fluorescence Lifetime Imaging Microscopy (FLIM) was introduced, where they could see differences in lifetimes of chlorophyll fluorescence in single cells even though fluorescence intensity was the same. See the latest application of this lifetime of fluorescence method on Avocado leaves (Matsubara et al. 2011 ) where roles of both violaxanthin and lutein-epoxide cycles have been established.
Tributes from friends, family and colleagues around the World
Govindjee's dedication to the field of photosynthesis is known throughout the whole research community but he is certainly not all work and no play-far from it, Govindjee is full of life and enjoys taking part in all sorts of activities. Figure 3 shows his photograph with some of his past graduate students (Julian Eaton-Rye (PhD, 1987) , Late Prasanna Mohanty (PhD, 1972) , George Papageorgiou (PhD, 1968) , and Alan Stemler (PhD, 1974) ) and with some of his research collaborators (Late Robert Clegg; Antony (Tony) Crofts; Michael Seibert (see Tribute below), and Colin Wraight (see Tribute below)). Figure 4 shows him with some of those he has associated with (Andrew Benson; James Barber; John Whitmarsh; Robert Blankenship, and Nancy King; see Tributes below). In addition, Fig. 5 shows his photograph with David Fork (with whom he wrote a biography of C. Stacy French (Govindjee and Fork 2006) ); with several others (myself, Johannes Messinger (with whom he has written an educational review on PS II; see ), EvaMari Aro (see Tributes below); Imre Vass (with whom he wrote a review on thermoluminescence; see (Vass and Govindjee 1996) ), and his lifelong partner Rajni Govindjee (with whom he has published papers including a Scientific American article (Govindjee and R. Govindjee 1974) ); also shown is a photo with Roberta Croce (see the section on Tributes below) and Herbert van Amerongen; and the last photo shows him praising the songs of a young artist at the conference dinner of the 2013 Photosynthesis Research Conference in Baku, Azerbaijan (Allakhverdiev et al. 2013) ; also see a report by for an earlier conference.
And so, in 2013 at 80 years young, Govindjee continues to edit books and contribute to original research articles. This represents 58 years of continuous scientific output and the sharing of an infectious enthusiasm for photosynthesis research and teaching. When Govindjee turned 75 in 2007 many of his students and colleagues contributed to an article celebrating his then 50 years in science (see EatonRye 2007b ; also see Eaton-Rye 2007a). Extensive tributes were given then by graduate students and postdocs (Late Ion Baianu; Maarib Bazzaz; Carl Cedersrand; William Photosynth Res (2013) and had 47 articles and 123 authors. To recognize and remember these authors and their excellent contributions, and to say ''thanks'' to them, I have included a list of their papers in Appendix 2. These papers are still relevant to the field. Also, I highly recommend a conversation of Donald R. Ort with Govindjee that was recorded for Annual Reviews, Inc. in recognition of his prominence in the field of Plant Biology. It gives us a glimpse into his research life, both personal and otherwise. You can see it at: \http://www. youtube.com/watch?v=cOzuL0vxEi0[. Below I now include some, not all, of the many tributes that have been sent to me or to Govindjee from the community that he has helped shape over this long and productive career.
Tributes, arranged in alphabetical order
Note: The tributes are not in quotation marks, but follow after the names of the authors. In some cases, I have added additional remarks-usually referring to joint publications between the author and Govindjee. These comments are within square brackets, followed by my initials (JJE-R) at the end.
Charles J. Arntzen Professor, School of Life Sciences Arizona State University, Tempe, AZ
The occasion of Govindjee's 80th birthday brings me back to the time when we were colleagues together at the University of Illinois at Urbana-Champaign in the 1970s. It was a wonderful period for research in photosynthesis, and Govindjee had inherited the ''mantle of Robert Emerson'' in the study of photosynthetic efficiency (right down to maintaining some of Emerson's original equipment for measuring quantum Bottom Right: Left to right: Rajni Govindjee, Antony Crofts, Christine Yerkes, Colin Wraight, and the late Robert Clegg; this photo was taken in 2010 at a get-together of Biophysics faculty and students at the University of Illinois at Urbana-Champaign efficiency). Some of the questions being asked by the larger community at that time may seem curious or even impossible to today's generation of researchers-such as, are there 1, 2 or 3 photosystems? I benefited greatly by my interaction with Govindjee, his students, and our multiple other colleagues who worked on questions of photosynthesis from field studies to quantum mechanics. And, this lively environment made it easy to attract coworkers from around the world to come and collaborate on projects of mutual interest. It was in this intense but delightful environment that my team identified mechanisms for herbicide resistance in the Photosytem II complex, which lead me to learning tools of biotechnology for genetic manipulation of proteins. But, this led me away from photosynthesis and into engineering of plants to create pharmaceutically active proteins, which I've done for the last 25 years. However, this time for celebration of Govindjee's career and life causes me to recall those wonderful years in Urbana in the 1970s, and work on chloroplasts and solar energy conversion. Happy Birthday, Govindjee! Eva-Mari Aro Professor of Plant Biology University of Turku, Finland Dear Gov-you are unique! There are not many scientists who can compete with you: (i) in being such a big guy in photosynthesis research; (ii) in being so supportive, helpful and friendly with your colleagues irrespective of their reputation in science; (iii) in supporting young generation scientists; (iv) in having a never-ending enthusiasm for science and bringing that attitude to Turku; (v) in making me edit a book (thanks for that), and finally (vi) in being such a good friend to me.
[Eva-Mari Aro and Govindjee have published a research paper on mutagenesis of the D-E loop of the D1 protein (Mulo et al. 1997 ) and a conference report where they discovered that the thermoluminescence bands due to recombination of Q A -with the S-states were at the same temperature as that due to bands corresponding to recombination involving Q B -in certain mutants of Synechocystis sp. PCC 6803, a rather unusual situation (Keränen et al. 1998 ); see James Barber Ernst Chain Professor of Biochemistry Imperial College London Dear Govindjee I first became aware of you when I was a post-doc in Lou Duysens' laboratory in Leiden in 1967. Since then our paths have crossed many times. On all occasions you were an inspiration. I admired you not only as an outstanding and committed scientist but also for being so positive and enthusiastic. These characteristics are intrinsic to you and you remain active even to the grand age of 80 years. There is simply no one in our field who can match you for your contributions to photosynthesis, not only through your research work but as a disseminator of knowledge through your many review articles and books. You are truly a phenomenon and long may you continue to contribute to the subject, which you helped to mold from the day you started your PhD with two giants, Eugene Rabinowitch and Robert Emerson over 50 years ago.
Congratulations
[Barber and Govindjee have published one News Report (Govindjee and Barber 1980) and an opinion paper (Running on Sun) by the Royal Society of Chemistry, which is available at: \https://www.rsc.org/chemistryworld/2012/ 09/artificial-photosynthesis-sustainable-energy[. It deals with Artificial Photosynthesis, and was authored by M. M. Najafpour (Iran), J. Barber (UK), J.-R. Shen (Japan), G. years. We both wish you a Happy 80th Birthday! We want to thank you for all of your help to us over the past years as both graduate students and as former Ph.D. degree graduates. We have always held you and your professional accomplishments in the highest esteem. In addition to your outstanding scientific career, we both want to stress the fact that we have been especially impressed with your consistent efforts to acknowledge the contributions of previous authors who have contributed to your work in most, if not all, of the papers you wrote. Today, this seems to be a very rare professional quality among scientists.
Again, we want you to know that we both take great pride in having known both you and Rajni. Of course, we hope that you both have many more years of good health.
With Greatest Regards
[It is fitting to mention here one or two papers of Bazzaz and Bedell that they published when they were students in Govindjee's Lab since it shows the breadth of Govindjee's involvement in physiology of plants and algae. Govindjee's interest in the varied distribution and characterization of the two photosystems was fulfilled in Bazzaz and Govindjee (1973) when they found differences in bundle-sheath and mesophyll chloroplasts in maize, and this curiosity was heightened when they observed stark differences between wild-type maize and the olive necrotic 8147 mutant (Bazzaz et al. 1974) , done in collaboration with another Professor, Dominick Paolillo. This led on to a later discovery by Maarib in Professor Tino Rebeiz's lab of divinyl chlorophyll a! On the other hand, Bedell and Govindjee (1966) attacked the problem of the minimum quantum requirement of oxygen evolution, as well as the existence of a two-light effect in deuterated algaesupporting Emerson, not Warburg. Although Govindjee's lab had never worked on photophosphorylation ever, his interest was sparked, as Govindjee once explained, when he and Rajni had carried out experiments, in 1962, with George Hoch at Baltimore, on the two-light effect in ATP synthesis (a work that they did not publish). Thus, Govindjee encouraged Bedell to find ways to measure ATP production in intact algae; for this, they used the luciferin-luciferase assay (Bedell and Govindjee 1973) In 1957-1958 I worked in California as Dan Arnon's assistant. When I returned to Sweden, I told my Professor that I wished to continue with research on photosynthesis for my PhD. His reply was: ''Now that Calvin has mapped the carbon assimilation pathway and Arnon has discovered photosynthetic phosphorylation in green plants there is nothing more to find out about photosynthesis. You should choose another topic.'' And so I had to do, and for the following 55 years I worked in other areas. But how wrong my Professor was! The scientific findings of Govindjee alone are more than adequate proof of this. My interest in the marvelous process of photosynthesis was not swept away easily, even if it was not possible for me to engage in it fully, and I continued to follow the literature. In my advanced age, when retirement has made it easier for me to choose my activities freely, Govindjee has helped me to fulfill some of my early ambitions. We have not met since a conference many years ago, but Govindjee has collaborated with me on several photosynthesis-related publications, and his immense knowledge has been an enormous asset in this activity.
Our joint publications deal with intriguing questions: Why chlorophyll a (Björn et al. 2009a )? How did oxygenic photosynthesis evolve (Björn and Govindjee 2009) ? Is there life in outer space (Björn et al. 2009b) , and how did the Z-scheme evolve (Govindjee and Björn 2012 important contributions to our understanding of photosynthesis. He has also had a profound impact on research in our field through his tireless efforts to edit a series of books that are extremely useful to students and researchers alike.
[ [Carl Cederstrand's PhD was done essentially under the guidance of Govindjee. It was at the time when they provided one of the first papers on fluorescence characteristics of the two photosystems and the existence of different spectral forms of chlorophyll a (Cederstrand and Govindjee 1961; Cederstrand et al. 1966a, b The flight from London to Chicago was delayed by almost 7 h due to bad weather in London, and I was on the last flight for that day from Chicago to Champaign. This was the first time I was going abroad leaving my family and I was tense as I knew that Rabinowitch was in Europe at that time, and did not know whether anybody will come to receive me at that late hour. When I came out of the airplane, it was raining heavily. I, with my heavy overcoat, a handbag and still another bag, was all wet and could not see anything in the dim light of the airport; further my eyeglasses were wet. Suddenly, I felt that somebody came running towards me, took the bags from my hands, and asked me to run to the covered part of the airport. I was puzzled and could not understand which way to go. I felt that the person held my hand and asked me to run with him. When I came to the airport building, I found that a handsome young man, not much taller than I, was standing in front of me and introduced himself, ''Hi, this is Govindjee''. I soon came to know that, at that time, he was an Associate Professor in the Department of Botany and Department of Physiology & Biophysics at the University of Illinois at Urbana-Champaign. He drove me all the way to Urbana and reached his apartment, where I received warm welcome from Rajni, the pretty smiling wife of Govindjee. The next day, Govindjee took me to different offices of the University to take care of necessary paper work for my health and medical insurance, and to receive a part of my advance payment of my salary, since I was allowed to bring only eight US dollars from India. I was introduced to the different members of the department, and Govindjee invited me with his student group for lunch. I stayed in Govindjee's apartment for a few days till I got a place to live in one of the university dormitories and then to an independent apartment. I hope that I will be excused for writing so much about myself, but this is the only way to describe Govindjee's kind and helping nature. Govindjee helped not only me, but all the newcomers to the photosynthesis laboratory, whether he or she belonged to his own research group or not. Although Ashish Ghosh, Gauri Shankar Singhal, Laszlo Szalay, Vitaly Sineshchekov, and G. Hevesy were also Rabinowitch's post-doctoral research associates, yet Govindjee helped them all in a similar manner as he helped me. (For a description of the then Photosynthesis Lab, see a personal perspective by Ghosh (2004) .)
Govindjee himself had a large number of bright PhD students, coming from different parts of USA and abroad: John Munday, Glenn Bedell, Fred Cho, Ted Mar, George Papageorgiou, Prasanna Mohanty, Maarib Bazzaz, and many others. Govindjee was always very friendly to his students. There was camaraderie par excellence. They used to eat lunch together every day and during lunch discussed not only about their research work, but also about other topics. In addition, they used to meet every week in Govindjee and Rajni's home, where each student took turn in giving a talk about his or her work. Gauri Singhal and I had come from chemistry, and, thus, physiological and biological aspects of photosynthesis were quite new to us. Govindjee was kind enough to allow us to join their seminars, which helped us to learn a lot.
Govindjee and his students, especially Carl Cederstrand, Munday, Cho and Mar, had installed several new instruments for measurements of different aspects of photosynthesis. We were fortunate that Govindjee not only allowed us to use the new instruments, but discussed our results. Govindjee was and is a very good and a popular teacher; he had the ability to explain any difficult topic in a simple manner. He is extremely energetic, full of life, hard working and keen to work with new people and with new ideas. Although I was not in his research group, we did important research together and discovered that a longwave absorbing form of chlorophyll a was responsible for not only the red drop in chlorophyll a fluorescence, but for the F720 emission band at 77 K (Das and Govindjee 1967) . It was fun to work with him. I end this short remembrance by mentioning that Rajni is a wonderful person; she was very friendly to me, and would invite me to their house frequently. I found that Govindjee was not only a renowned scientist but at home, he was a caring husband and an affectionate father to their two wonderful children Anita and Sanjay.
I pray for his good health, long life and an unending enthusiasm for educating the World about photosynthesis and its future role in solving the World's energy needs.
Happy 80th birthday to Govindjee on behalf of all the past post-doc associates of Eugene Rabinowitch.
Barbara Demmig-Adams Professor, Department of Ecology and Evolutionary Biology University of Colorado, Boulder, CO I first crossed paths with Govindjee in the mid 1980s at an international conference. I first met him in an elevator, and vividly remember his encouraging, excited smile and nod for my ideas-at a time when other experts in the fluorescence field accused me of ''breaking the laws of thermodynamics'' for suggesting that a carotenoid could quench singlet-excited chlorophyll. Govindjee is the scientist par excellence who combines the deep knowledge and sharp intellect of a world-expert with the joy and excitement of an ever-young mind marveling at new ideas. I am currently working with Govindjee on a book (Demmig- Adams et al. 2014, in press) in his beloved series on advances in photosynthesis and respiration, and find myself marveling at Govindjee's insightfulness and wisdom on how to use a multi-authored book to move the understanding of a field forward in a leap-by facilitating crossfertilization, discussion, and reciprocal reviewing of warring author's work in ways far exceeding what is possible during standard scientific exchange.
Jacco Flipsen
Editorial Director, Life Sciences, Springer, Dordrecht Dear Govindjee I was introduced to you within the first few months in my career as a Publisher at Kluwer Academic Publisher, now Springer, back in the early summer of 1999. Passion for photosynthesis, and passion to communicate and publish about it were my first impressions, and that has never changed. Being the Editor-in-Chief of Photosynthesis Research and the continued involvement in the journal since, as guest editor of interesting special issues, Board member, Historical Corner Editor, author, and reviewer up to today are proof of that drive to communicate about science in general, and photosynthesis in particular. Also, still very active as Series Editor of the book series Advances in Photosynthesis and Respiration, where your contribution, and commitment to get the best in the field to write in the series is much appreciated. Lots of things have changed in those years, such as migration from print publication to online, initially for journals and now also books. Also we have seen changes from Kluwer, which was a relatively small publishing house, to Springer, a lot larger and therefore more having to rely on systems and (automatic) workflows. You have been able to change with this all, not without discussion I hasten to say. And I have always appreciated that discussion as it is coming from a good heart, looking for the best solutions. I very much appreciate our collaboration, and I hope for many years to come.
Gy} oz} o Garab
Scientific Advisor and Principal Investigator Biological Research Centre, Szeged, Hungary
We feel lucky that YOU did get to be 80 and I would very much like to join the people celebrating you! [Govindjee frequently cites a paper he published with Garab that showed already, in 1988, that CO 2 (bicarbonate) affects PS II in vivo (in leaves) (Garab et al. 1988 ). Currently, Govindjee is co-editing a book with Gy} oz} o Garab, Barbara Demmig-Adams and William Adams on a topic that is now close to his heart: it deals with Non-Photochemical Quenching (or NPQ) of the excited state of chlorophyll a and dissipation of excess energy as heat in plants, algae and cyanobacteria; it will be published in 2014 in the Advances in Photosynthesis and Respiration series… JJE-R.]
Alex Goloff Retired Research Scientist St. Charles, IL

Govindjee-A celebration perspective
Govindjee is a greatly admired friend who is difficult to emulate because his mastery of so many things is like a colorful landscape painted by the best. He can cast a spell on misconception and enlighten the gifted as well as embrace the neophyte. He has sparked the desire in me to think differently and broadly and pursue a topic of interest without hesitation, but tempered by prudent thought and observation. Govindjee knows the subtleties of science which, to me, are encapsulated in Carl Young's quote: ''The pendulum of the mind alternates between sense and nonsense, not between right and wrong'' (and) ''knowledge rests not upon truth alone but upon errors also''.
Govindjee is a great communicator and a great thinker for he has mastered the ability to create knowledge as well as disseminate knowledge. He understands the sparks needed to ignite the mind of the languid and he knows what is needed to make the brash and zealous tamed diplomats. Govindjee champions anything that might inspire those on the road to discoveries, including thoughts from the ancients, prose from the fields of poetry, wisdom from the scripts of philosophy, or notes from music of the greats.
Govindjee knows that the tales from the history of science are a proven compass for things to come and a shield from the marching minds to misguided drums. A discussion with Govindjee enhances inspiration while concepts and thoughts are congealed and imagination becomes closer to reality. Govindjee is a man by example. Govindjee is a mind by example. Govindjee leads by example.
Govindjee, each candle lit for you is in celebration of your 80th birthday as well as your venerated achievements in science. You are archived in the minds and hearts of all of us, and in the minds and hearts of generations to come.
Ulrich Heber Emeritus Professor, Department of Botany University of Würzburg, Germany
What is a dominant trait in a researcher 0 s personality? Single-mindedness! What is it in a professor 0 s personality? Broad-mindedness! How to characterize Govindjee in one word? Impossible, because he is both, broad-and singleminded in one person at the same time! The balance between broad-and single-mindedness depends on occasion, mood, subject, job at hand and partner. When challenged by his own inner drive or a partner, he is a dedicated researcher or an able teacher, a competent discussant and even a propagandist of his convictions on the subject under discussion. What is his main interest? Clearly photosynthesis! The problem is that photosynthesis is a world by itself. To fully understand photosynthesis is impossible. To come close to understanding is great achievement. Govindjee is one of the few who can boast close understanding. Even to come close one needs to be simultaneously a biologist, a chemist, a physicist, an ecologist and even a mathematician. What is Govindjee to photosynthesis? The biochemist? The biophysicist? The historian? He is all of that. To master the different disciplines of natural sciences, lifelong learning is indispensable. God gave Govindjee a long life. He used it competently. Although being by now 80 years old, he still carries on. He is still actively involved in research and in writing.
When and how did I meet Govindjee? For several decennia, I watched him from a distance, seeing him at conferences and reading his many contributions to photosynthetic research and to the photosynthetic literature with great profit. Unfortunately, I am not a good reader. Once, I was severely criticized by an unknown referee who was more knowledgeable of the literature than I was. Was it Govindjee? I suspect he was. He was right in his criticism. His command of the literature is famous. Closer acquaintance with him needed the passage of time and also courage. I am fearful of great men. At a meeting in Passau in Germany, about a year or so ago, Govindjee approached me asking innocently ''How old are you?'' That broke the ice. I lost fear. I always suspect that my peers must be far older than I am. Now it turned out that I am his senior, at least by age, certainly not by experience. My confidence returned. Now, perhaps, we are on some more equal footing than earlier. I wish him for his birthday continued pleasure and success in what he is doing and a little free time to look back at a fulfilled life as one of the pioneers of photosynthesis.
Jane F. Hill
Botanist and a Historian of Science Bethesda, MD In addition to his own major contributions to photosynthesis research and the history of that research, Govindjee has been a mentor and inspiration to many students and researchers in both areas. He has guided me, and many others, with unfailing encouragement and support. He encouraged me to pursue my interest in the early pioneers of photosynthesis research, culminating in a chapter that I wrote on the subject for volume 34 (Photosynthesis: Plastid Biology, Energy Conversion and Carbon Assimilation) of his series Advances in Photosynthesis and Respiration (edited by Julian Eaton-Rye (author of this article), Baishnab Tripathy (a former student of his former student late Prasanna Mohanty) and Thomas Sharkey (who is co-editor, with Govindjee, of the series)). Subsequently, he provided me further encouragement and guidance when I told him of my interest in translating from French into English an 1804 book by the Swiss plant physiologist Théodore de Saussure, who was the last of the early photosynthesis pioneers. That translation, for which he graciously contributed a foreword, included a lengthy introduction and other background material prepared by me. It was published in 2013 by Springer as ''Chemical Research on Plant Growth: A translation of Théodore de Saussure's Recherches chimiques sur la Végétation''.
André Jagendorf
Emeritus Professor, Department of Plant Biology Cornell University, Ithaca, NY Govindjee has made important contributions to the analysis of photosynthetic mechanisms, over the whole of his professional life. His work has been especially useful in defining the role of carbon dioxide in Photosystem II, and in the insightful use of fluorescence transients. However, I think an even larger contribution has been in prolific and highly extensive writing and editing. Partly this was through his efficient editing of the journal, Photosynthesis Research; it was partly done by organizing many symposia, and monographs. His exposition of photosynthetic mechanisms, his bringing in the writings by an enormous number of scientists, has helped all of us understand much more about the integrated processes involved in Photosynth Res (2013) 116:111-144 127 photosynthesis. He has, to a large extent, become the glue bringing together many workers and many aspects of this important section of plant biology. I think of Govindjee as being the heart of the community. We are all grateful for his energy and enthusiasm in unifying our field.
Wolfgang Junge
Professor Emeritus of Biophysics University of Osnabrück, Germany Dear Govindjee You have contributed over almost six decades to the success of photosynthesis research, starting from the first glimpses at reaction centres in the late fifties of the last century on to your supposedly last word in 2012 on the multifarious roles in photosynthesis of bicarbonate. Your comprehensive knowledge of this research field has been balanced by an all-embracing intimacy with the rich spectrum of personalities within. Without your initiative and great effort their personal perspectives had hardly been told. We owe you a lot! Please, accept ''meine herzlichen Glückwünsche zu Deinem 80-sten Geburtstag'', and my admiration for your rich life! [Govindjee's association with Wolfgang Junge goes back many years into the 1970s. With his PhD student Rita Khanna, Govindjee went to Junge's lab in Berlin and they provided the very first measurement showing involvement of bicarbonate in proton uptake and release (see Khanna et al. 1980) . Several black and white photographs of Junge appear in a historical article Govindjee wrote (Govindjee and Yoo 2007)… JJE-R.] Nancy Kiang National Aeronautics and Space Administration (NASA) Goddard Institute for Space Studies New York, NY As a young postdoc exploring outside my field of biometeorology, with burning curiosity about the reason for the vegetation ''red-edge,'' and with no one to speak to about this, I came across an old textbook figure of absorbance spectra of photosynthetic pigments. The credit was [given to] Govindjee, so I desperately tracked him down. That happy contact led to my introduction to the wonderful community of photosynthesis researchers, whose characteristic collegial and nurturing interactions surely are so because of Govindjee's warm and enthusiastic influence. Govindjee and I eventually updated that early figure, and co-authored two very well received papers (Kiang et al. 2007a, b) , which further led to a Scientific American article and now an online database of biological pigment spectra. I am happy to add walking the Great Wall 2 of China with Govindjee to my list of milestones. Thanks to Govindjee (see Fig. 4 ) for getting me on my feet and into the inspiring world of photosynthesis, the science and the people.
David Knaff
Editor-in-Chief, Photosynthesis Research Professor of Chemistry and Biochemistry Texas Tech University, Lubbock, TX It is a distinct pleasure to contribute a few personal remarks about Govindjee on the occasion of his 80th birthday. When I agreed to become the editor-in-chief of Photosynthesis Research, I did so with considerable trepidation. This was in part because I would be succeeding Bob Blankenship and, given the outstanding job Bob had done during his tenure as editor, I knew that matching his performance would be no small task. On top of that, I could not avoid thinking of the fact that the bar for defining a successful editorship had already been set at a very high level in the earlier time when Govindjee had served as editor of the journal. During his time as editor, he made enormous contributions towards solidifying the position of the journal as a publication involving very high standards and as a place where one might read about the most exciting new developments in the field. After his term as editor ended, he continued (and still does to this day) making an important contribution to the journal by serving as the editor of its Historical Corner, where his work continues to remind us of the enormous contributions to our field made by investigators in the past. I should also mention that he managed to do much of this while not only continuing a successful career as an active researcher but that he also served as the founding editor for Springer's book series, Advances in Photosynthesis and Respiration. He served for many years as the senior editor for this very successful and influential series of monographs and, as I learned when I served as a co-editor for one of its volumes, Sulfur Metabolism in Phototrophic Organisms, he really was the driving force for keeping it at the forefront of our field and using his considerable organizational skills to insure that volumes appeared on time and at a very high level of quality. I congratulate him on his many contributions and look forward to his future ones.
[It is also of note that Govindjee has written a history not only of the journal Photosynthesis Research, but of another journal Photosynthetica (see Govindjee et al. 2002) ; he has also written one editorial with David Knaff (Govindjee and Knaff 2006 )… JJE-R.]
Elmars Krausz
Professor, Research School of Chemistry Australian National University, Canberra, Australia Happy birthday Govindjee Having known you just one of your eight decades, I do admire your energy, enthusiasm and humor. I think of the saying ''it is easier to string the moon and the stars together than to live this life to the fullest''.
I know your efforts in making the most of life are both sincere and effective. I treasure your friendship and wish you more of the same for the next decade.
Best wishes
Ashwani Kumar
Emeritus Professor University of Rajasthan, Jaipur, India Mahatma Gandhi once said, ''My life is my message''. This is absolutely true for Govindjee's life and that of his wife Rajni (whom I call Rajniji, with respect). Govindjee has devoted his life to educate people globally, bring new ideas, develop themes and hypotheses, proving them with experimental acumen, and Rajniji has silently but firmly worked on similar lines in all the different roles and today [written on July 24, 2013] what I observed has left a deep mark on me; unmindful of her well being, she lent helping hand to a needy woman, who had fallen in her front yard, and Govindjee showed a great human touch. Even thousand volumes in their praise as scientists and as good human beings will be less. I learned a lot from the masters of the subject today and to say thanks will be much too less for me. Since I had read the beautiful 1969 book of Govindjee with Eugene Rabinowitch, and after I saw today, in his office, the 35 edited volumes of Advances in Photosynthesis and Respiration, produced under his guidance, I am highly impressed with his dedication to Photosynthesis Education. To me, this is real success.
My wife always tells me that only the tree, which bears fruits, has its branches bent because of the weight of the fruits. I have seen this in Govindjee and Rajniji. They are laden with fruits of success and achievement, yet they never boast of them and always treat people humbly. This is true embodiment of greatness. I once read ''greatness'' is better, but gratefulness is much better. In the Govindjees, I have found this quality, and that too for the first time in my life. They harbor no grievance against any person and are ready to go long ways to help people everywhere in the world. We wish them a long, meaningful, productive, prosperous, peaceful and fruitful life. I wish Vijay (i.e., Victory) to Govindjee on his 80th birthday celebration on October 24, 2013, by the journal Photosynthesis Research (being edited by Suleyman Allakhverdiev (of Russia), Gerald Edwards (of USA), and Jian-Ren Shen (of Japan)) that he has served with dedication over the many years.
When I started learning about photosynthesis from my father Late Swami Dayal Tewari, who had received his Master's degree in Botany, from Allahabad University (the same University where Govindjee later received his Master's degree in Botany, in 1954), I was made aware of Blackman's law of limiting reactions: it seemed to be the most important concept for the understanding of photosynthesis. For me, Rabinowitch and Govindjee's 1969 book provided, for the first time, basic understanding about it, and the rest of the many concepts in photosynthesis, and that in simple terms. I cherished it then and I cherish it now.
Over 50 years ago, the 1931 Nobel-laureate Otto Heinrich Warburg discovered a unique stimulatory role of CO 2 in the Hill reaction (i.e., O 2 evolution accompanied by reduction of an artificial electron acceptor), which, obviously, does not include any carbon fixation pathway. Warburg had used this discovery to support his idea that O 2 in photosynthesis originates in CO 2 . During the 1960s, a large number of researchers attempted to decipher this unique phenomenon, with limited success. In the 1970s, Alan Stemler, Govindjee's PhD student, perfected methods to get highly reproducible results, and observed, among other things, that the turnover of Photosystem II (PS II) was stimulated by bicarbonate ions (hydrogen carbonate): the effect would be on the donor or the acceptor, or both sides of PS II. In 1975, Thomas Wydrzynski, also Govindjee's PhD student, discovered that there was a definite bicarbonate effect on the electron acceptor (the plastoquinone) side of PS II. The most recent 1.9 Å crystal structure of PS II from Japan (from the research group of Shen and Kamiya), unequivocally shows bicarbonate bound to the non-heme iron that sits in-between the bound primary quinone electron acceptor, Q A , and the secondary quinone electron acceptor Q B . (See Shevela et al. 2012 , for a review.) To me, this discovery, in addition to its well-known role in carbon fixation, of the unique role of bicarbonate/CO 2 on the electron acceptor side of PS II, by Govindjee and coworkers (including Julian Eaton-Rye, author of this Tribute to Govindjee), is a major discovery, and we owe this to Govindjee's ingenuity, persistence, and drive unmatched in the history of photosynthesis research. I marvel at this research and I believe that he will go down in the history of photosynthesis research for this unique finding. Tribute to Dr. Govindjee
Graduate study is a special time of life. The opportunity to be immersed in research on a topic of choice, after years of preparatory schooling, is a time of deep intellectual reward. My choice to study photosynthesis was largely because of its biophysical complexity. The research methods enabled ''seeing'' events at the molecular level and gaining insights that could explain a process basic to all life on earth. Choosing a major professor was a major decision. On reflection about the options in the Photosynthesis Laboratory at the University of Illinois, I concluded that Dr. Govindjee would be a wise mentor, a steady hand of guidance, and an encourager. He had already proven his skill at research and his deep knowledge of the field of photosynthesis.
Dr. Govindjee provided a list of problems where he believed that research would bear fruit. This suited my temperament and level at the time. After some investigation I developed a proposal, ''owning'' the content as my own; but later, looking back, I realized that he had foreseen my proposal exactly as one from his original list. Dr. Govindjee proved to be an exceptionally wise mentor. He was full of patience, manifested fully a teaching spirit, and with painstaking care instilled a sense of excellence and quality in research. He demonstrated in his own research what he strove to teach.
He was ever-present in the laboratory. Always with a cheerful smile, and obviously enjoying research, he made the laboratory a place where students, research associates, and visiting faculty wanted to be. He organized seminars in the lab and at his home. His wife Rajni had the gift of hospitality and we enjoyed her refreshments. (She also made significant contributions of her own in photosynthesis research, and cared for their young family.)
Along the way his comments and critique about my research were the stimulus for pushing forward, solving problems, and thinking creatively. I distinctly remember various points he made about how to do quality research. And in a final exam, he defended this student against a visitor's mistaken claims about unpublished research from abroad, pointing out the core principle that what counts in scientific advance is peer-reviewed publication. In this and other ways, his great skill in building up all his graduate students facilitated our professional fruitfulness and gave us confidence for the future.
Looking back over his distinguished career, and the large number of students he guided, we can see the consistency in his research productivity and his mentoring skill. Even in retirement he works to continue his contributions, and to remain in contact with all his students from over the years.
The ongoing freshness of his spirit is inspiring. He is a most remarkable man. Dr. Govindjee, I salute you, and have great joy in honoring you and the richness of your life.
[John Munday was one of the first 4 PhD students of Govindjee; others were George Papageorgiou, Fred Cho and Ted Mar); Munday made crucial experiments that led to an early understanding of the fast (OPS) fluorescence transient in the green alga Chlorella: see Munday and Govindjee 1969a, b; whereas Papageorgiou and Govindjee (1967, 1968a, b) and Mohanty et al. (1971) made crucial experiments that led to an early understanding of the slow (SMT) fluorescence transient in the cyanobacterium Anacystis nidulans, Chlorella pyrenoidosa and the red alga Porphyridium cruentum. In addition, Mohanty et al. (1970) provided the first measurement that was related to the so-called newly discovered ''state changes'' from the laboratory of Norio Murata and of Jack Myers… JJE-R.] Trained as a biochemist in David Krogmann's laboratory, then located at Wayne State University in Detroit, I was pretty much mystified by the biophysical lingo Govindjee threw at me even though given in his usual charming manner. I was offered and accepted the position and moved to Urbana in October. Govindjee immediately invited me to participate in the weekly photosynthesis seminar moderated by him, Eugene Rabinowitch and Chris Sybesma and with some trepidation I did so. Initially it was a tough slog, but eventually some of the biophysical concepts started to make sense and sink in.
The Urbana photosynthesis seminar at that time comprised the light reactions and only the light reactions. As the sole person interested in carbon fixation, this subject was pretty much outside the purview of my group. Fortunately in the late 1960s and early 1970s there was a strong renaissance in research on photosynthetic carbon fixation arising from the discovery of C4 photosynthesis by M.D. Hatch and C.R. Slack and the beginnings of serious interest in photorespiration and its potential impact on agricultural productivity. Also during this time George Bowes, Raymond Chollet, and then Bill Laing joined my laboratory, increasing the presence and voice of carbon fixation on the campus. With the confluence of these events I was able to persuade Gov that his students needed to learn about the dark side of photosynthesis, and he agreed that I should organize a semester of the seminar on carbon metabolism. Because of the seminar's historical focus on biophysics and the light reactions, I wondered how this would really work out. One incident epitomizes my perception of how Gov viewed the role of carbon metabolism in the overall context of photosynthesis at that time. I had selected a paper from Peter Homann's laboratory (Salin and Homann 1971 ) that suggested there was more photorespiration in old leaves than in young leaves, and assigned a graduate student to present a formal seminar on it. A few minutes after the student began, Govindjee spoke out ''Why is the name Peter Homann familiar to me?'' The somewhat startled student stopped talking, and I motioned to him to resume. A few minutes later Govindjee again spoke out, ''I think I should know this Peter Homann.'' At this point I turned to Govindjee and said that Peter Homann had been a student of Hans Gaffron and now had his own laboratory. Somewhat relieved, Govindjee responded, ''Oh, THAT Peter Homann, the one who used to work on photosynthesis.'' I could only sigh and ask the student to continue.
Govindjee has published many significant papers on various aspects of photosynthesis, mostly regarding Photosystems I and II. Not being particularly engaged with the light side of photosynthesis, in my mind I consider his prolific editorial activities to be his defining contribution to the field. He was the first US co-editor of the journal Photosynthesis Research in the early 1980s, and was able to attract superior papers. He was the founding editor of the highly successful series Advances in Photosynthesis and Respiration, now in its 36th volume. But I look most fondly at the personal histories he solicited and edited. In the mid-1980s he created and established a Historical Corner in Photosynthesis Research and persuaded various luminaries to write about their research breakthroughs. In the early 2000s he greatly expanded this effort by editing three issues of Photosynthesis Research devoted exclusively to this topic, articles that were subsequently published in book form (''Discoveries in Photosynthesis'', edited by Govindjee et al. 2005) . Thus scientists and students, as well as future historians, have access to an enormous resource of first hand reports on most of the major discoveries in photosynthesis since the last half of the twentieth century. To consider gathering this kind of information on such a scale required remarkable acuity, and I am unaware of any other major discipline whose progress has been so thoroughly documented. I consider soliciting and collecting these memoirs to be a brilliant accomplishment.
It has been a great joy to know and at times collaborate with Govindjee over nearly the past half-century. He has been an inspiring colleague and a magnificent force in photosynthesis research. On the occasion of his 80th birthday I wish him continued success in all of his many endeavors.
[There are two things to mention here: (1) a research paper Ogren and Govindjee published together, it was Spalding et al. (1984) -and dealt with both CO 2 and the light reactions; and (2) In my view he is a true Scientist. He has the ability to inspire others and within a context this has allowed development to take place, based on reason and the search for truth inevitably leading to the betterment of all Society and Humanity.
His thirst for knowledge, its applications at present and its implications for the future exhibit his true ingenuity.
An amazing fact about Govindjee is his untiring and uncompromising work schedule. His success pertinently mirrors his individualistic, innovative and unparalleled contributions that he began years ago in the field of Plant Biology, in particular-Photosynthesis. He still continues to write and make contributions to his field relentlessly.
Govindjee has impressed me since my childhood. I remember he would bring me beautiful books when he visited us in India. Not to mention the many gifts that I have received from him over the years.
As an elder learned family member he has always shown the path that has had a positive influence over my education and work. I admire him greatly. I find his honesty, generosity, kindness and his original wit as truly remarkable qualities. I wish him Love, Peace, Happiness and Best Regards on his 80th Birthday.
Bill Rutherford Professor in Biochemistry of Solar Energy Imperial College London
Bill to Gov: Happy Birthday, Govindjee. Photosynth Res (2013) 116:111-144 131 Good health, Professor G, all the best…
Reminiscences
When I arrived in the University of Illinois (as a Postdoc in Tony Crofts lab) (more than 2 weeks later than expected) there were three messages on my desk ''Dear Bill, welcome to U of I, your seminar will be on Monday at 4 o'clock, all the best, Govindjee'', the second one was the same but started, ''since you missed your last seminar it has been rescheduled for next Monday'' and the third message was the same again but a rescheduling for the next Monday which was coming up.
First impression: Gov has enthusiasm and persistence.
Later in Urbana, I was hunting for a strong light for my experiments and I was touring the university with a power meter. Govindjee said he had just the thing and disappeared into the heirlooms cupboard. He came back with something that was certainly of great age and sentimental value and looked like it had come from a pre-war setup or possibly a watchtower at Joliet prison. He cranked it up and pointed it at my hand-held power meter which duly melted as all the hair on the back of my hand was incinerated: clearly a portable death ray lamp. I politely declined the offer (and went back to nicking the big Kodak projector from the Chemistry lecture theatre).
Second impression: Gov is helpful and sentimental but can be ''dangerous''.
When I turned up in Japan in 1983 to follow up on my identification of the thermoluminecence bands of the year before, Govindjee and Gernot Renger were there. I published several articles, some with G and G, and we had a lot of fun (see Rutherford et al. 1984) . Indeed fun was had out of the lab as well as in: with G, G and me, our respective wives, Rajni, Eva and Agnes and our enormously hospitable Japanese hosts, Inoue san and the gang. I have good memories of parties in and around Tokyo and of course in Indian restaurants. And with Gov smoking a fat cigar*:
Third impression: Gov knows how to enjoy himself and entertain his friends.
(*An exchange at a party in Japan: Bill to Gov: ''you see this (obviously chocolate) ice cream''? Gov: ''yes?'' Bill: ''well it was vanilla until you lit up that cheroot!'' [We all know that Govindjee stopped smoking around that time… JJE-R.])
I could go on about the famous incident at the hot baths in Hakone but this is not the time for discussing the combination of Japanese bathing culture, Govindjee's photographic mania and some unexpected optical phemonena involving the refraction of light through water. I will leave that to your imagination. Many of us still have copies of the photos stored away.
Forth impression: Govindjee likes to preserve history (in the form of photos).
All the best, Gov, keep on with your enthusiasm, your helpfulness, your sentimentality, your photography, and keep on enjoying yourself.
Richard Sayre
Senior Research Scientist Los Alamos National Laboratory, Los Alamos, NM
As an early stage assistant professor I had the privilege to work with Govindjee for the first time. He brought incredible excitement, innovation and energy to our joint project. My students could hardly keep up with him. As I came to know Govindjee, I realized he had always been like this even after his retirement from Illinois. There are few who have been so impactful on the field and the early careers of young scientists in photosynthesis. I hope we can all aspire to his model. Best wishes for your 80th birthday.
[It is fitting to mention here the extensive collaborations that Sayre and Govindjee had. I refer the readers to read their joint publications on mutants of Chlamydomonas reinhardtii that showed the importance of specific amino acids on the donor Kramer et al. 1994 ) and acceptor sides of PS II (Hutchison et al. 1996; Xiong et al. 1997 )… JJE-R.]
Michael Seibert National Renewable Energy Laboratory Golden, CO
Recollections on working with Govindjee on the occasion of his 80th birthday I got an unexpected call from Govindjee in the spring of 1988. Having known him for years and having admired him for his enthusiasm, energy, and knowledge of both the history of photosynthesis and its extensive literature, it was clear that he was very excited about something. After some pleasantries and with some hesitancy (very un-Govindjeelike), he revealed that he had reviewed a paper that we were publishing on problems with the Nanba/Satoh Photosystem II (PS II) reaction center (RC) preparation (Nanba and Satoh 1987) . It turned out that the prep was quite unstable (Seibert et al. 1988) , and Govindjee, working with Mike Wasielewski, found that they could not make a successful picosecond kinetic measurement of the primary charge-separation event in the PS II RC material that was being made in Urbana, because of its inherent lability. We had surmounted the problem and demonstrated that it could be stabilized long enough for spectroscopy to done on functionally intact PS II RCs. Govindjee quickly catalyzed a collaboration among the three of us (the fact that he did this rather than using privileged information to try to make the new preps himself in Urbana underscores his character as a person) that lasted for a decade, and we soon met at Argonne National Laboratory to make the first direct measurements of the primary charge separation rate in stabilized, isolated PS II complexes (Wasielewski et al. 1989) . It was great fun meeting in Chicago over that period of time for intense laboratory sessions (the preps were from NREL (National Renewable Energy Laboratory), the picosecond laser system was Argonne's, and the coordination was by Govindjee), trips to Indian (led by Govindjee) and Japanese (led by Mike W.) restaurants, late evening returns to the lab to tweak the system and get more data (Govindjee spent more than one night sleeping on the table outside the lab to be able to spell us as necessary), and last minute rushes to get to the airport on time were the rule. By the way the restaurant trips were often unsuccessful due to ''early restaurant closures'' on our timescale. We also survived the ''Tiger Team'' inspections in 1991 (safety was a major issue in the national laboratories at that time and a new Secretary of Energy was on the war path to ensure compliance) and there were many interruptions in the laser experiments due to accidental tripping of the laser lab door interrupt system. Without discussing the outcome of the work in detail (those interested can read a historical commentary (Govindjee and Seibert (2010) ), we always enjoyed the camaraderie of meeting with Govindjee about 3 times a year along with the many stories that he related about the early giants of photosynthesis (including Robert Emerson, Eugene Rabinowitch, Otto Warburg, and Melvin Calvin) . It was the personal observations that were never written down about the personalities and battles associated with these figures that Govindjee could tell so well that is of great value historically. Finally, Govindjee has an amazing ability to remember scientific detail, know how people in the field fit together, and successfully mentor young people in science. (Rabinowitch and Govindjee 1969) . But Govindjee wanted to put something in place that would chronicle the rapid advances being made in photosynthesis. Thus was born the series Advances in Photosynthesis. Over the years the title was expanded to Advances in Photosynthesis and Respiration and then, responding to the interest in photosynthesis as the source of biologically derived energy, Advances in Photosynthesis and Respiration-Including Bioenergy and Related Processes, a nod to the title of the Rabinowitch series Photosynthesis and Related Processes. From volume 1 (Bryant 1994) , Govindjee's vision was to cover photosynthesis (quoting from the front matter of Volume 38) ''from physics to agronomy and medicine; from femtosecond processes through season-long production to evolutionary changes over the course of the history of the Earth; from the photophysics of light absorption, excitation energy transfer in the antenna to the reaction centers, where the highly-efficient primary conversion of light energy to charge separation occurs, through the electrochemistry of intermediate electron transfer, to the physiology of whole organisms and ecosystems; and from X-ray crystallography of proteins to the morphology of organelles and intact organisms.'' Govindjee has worked tirelessly on these volumes. Whenever an issue comes up Govindjee will respond sending emails from India or Heathrow airport as quickly as from his office in Illinois. Your email inbox is not safe anytime of the day or night, Govindjee will send ideas and comments at any hour.
Govindjee's contributions to the field of photosynthesis through his vision for a series of books on the recent advances in the field deserve the highest praise. His vision for a comprehensive chronicle of photosynthesis has had a lasting impact on our field.
Dmitriy Shevela
Department of Chemistry Umeå University, Sweden Although I have met Govindjee only twice in real life (the first time was in 2006 during his visit at the Max Planck Institute for Bioinorganic Chemistry (Muelheim an der Ruhr, Germany) where I was working on my PhD), I was very lucky to work with 'virtual' Govindjee via internet on two journal review articles and two book chapters. In all cases it was always fascinating and highly educational for me to work with Govindjee! Among many other things I was really impressed with his encyclopedic knowledge of all previous and current literature in photosynthesis research and with his writing abilities to describe any studies or phenomena in a very clear and easily readable style. I would like to mention Govindjee's amazing working abilities as well…. Very often working hard to meet submission deadlines, Govindjee worked during nights and was sending his version of the draft at around 3 or 4 a.m. (his local time)! It is, therefore, very hard for me to believe that we are going to celebrate his 80th birthday. I would like to wish him many years of excellent health, personal happiness and working activity, which has already inspired several generations of scientists to study photosynthesis.
[Shevela and Govindjee's publications are highly educational-beginning students in the field should not miss these excellent reviews. All of them deal mostly with PS II. They include: Shevela et al. (2012) and Govindjee and Shevela (2011) as well as the two chapters on oxygenic photosynthesis which are in two different books (Shevela et al. 2013a, b) 
Daya Prakash Sinha Indian Administrative Service, retired Noida, India
Govindjee, as I know him
There is a saying in Sanskrit that says that ''Kings are honored in their kingdom, but learned are honored in all countries of the world.'' This saying stands confirmed when I see Govindjee's students, scholars and distinguished scientists from various countries excited about his 80th birthday, and are celebrating it with love and enthusiasm. I feel honored to be a part of it.
I have known Govindjee (from the time he used ''Govindji'' as his name) for over sixty years now. We were class fellows in the 11th grade in K.P. (Kayastha Pathshala) Intermediate College at Allahabad. We lived in the same locality. So, sometimes we would go to the College together. In due course we became friends. Govindjee has often reminded me that I had a bicycle, while he did not have one. So we would go to the College 'doubling' on the bicycle; this means that I would be cycling, while he would sit on the carrier above the rear wheel.
Govindjee's father had passed away in 1943, when he was only 11 year old, but he was part of a very warm and affectionate family, headed by his elder brother Krishnaji (Professor of Physics). Govindjee used to address him as 'Dada' (elder brother in Hindi). So, I also called him 'Dada'. He was very pleasant and friendly. I never saw him raising his voice. Equally warm and friendly were other members of his family: Dada's wife, his mother, two younger brothers (Gopalji and Govindjee) and a sister (Malati)-all lived together in a joint family. I visited Govindjee quite frequently and became friendly with all the family members. On this occasion, I remember Govindjee's mother, who in her frail body was embodiment of motherly love.
Today with hindsight, I see that there are many things that are not common between us. Govindjee is one of the most organized persons I have seen. Against it, I am as disorganized as one can be. He had been focused and always knew what he wanted to do and achieve in life. In contrast, I was confused, studying science, while harboring a desire to be a writer and an actor, who ultimately settled for a sedate administrative job in the Indian government. I would not reply to Govindjee's letters promptly and not keep words with him. Yet we continued to remain friends for sixty-five years, or more, because of his large heartedness and capacity to overlook the frailties of friends.
When we were in college, Govindjee was not different from most of us. He participated in all our doings and misdoings like everyone else. We gossiped, went out for excursions and often aimlessly indulged in 'window shopping'. Govindjee was with us all the time.
I was directing a play for the Students Union of Allahabad University in which I was also acting. Even though Govindjee had no interest in theatre, he was there with me to help me as a friend. There was a scene in the play in which I was required to ask questions with my own self, and the reply thereto was to come from my inner-self. It was decided that my inner voice would be heard from off-stage. Govindjee was given the script and responsibility to speak the dialogues of my inner voice from off-stage. The play was rehearsed accordingly. But on the final day of performance, Govindjee failed to deliver the dialogues of my inner voice from off-stage. He had dropped the unnumbered pages of the script on the floor, and, thus, the text was messed up. I was nervous. I kept on repeating my dialogue in the hope that the next dialogue would be heard from the off-stage. But there was no response. The play suddenly came to a grinding halt. The audience came to know that the play had come apart. They started hooting, booing and whistling. I shouted-'Drop the Curtain'. The play was over. I rushed into the wings, seething with anger. But Govindjee was not there. He had vanished for fear of being scolded by me. However, after a few days, he came to see me and explained what had happened. I, of course, forgave him for this. Govindjee, sometimes, tells this story with relish.
We had founded a literary club named ''Aaok'', which met every Friday in a restaurant, or in the home of a friend (Amarnath Bhargava). We read papers on different subjects, held discussions on contemporary issues, and sometimes invited distinguished persons to speak to us. Govindjee's participation in ''Aalok'' was regular and enthusiastic. Most of us read papers or talked on subjects, not necessarily limited to the subjects we were pursuing in the University. But Govindjee invariably confined himself to subjects of study for his university degree. He was furiously focused on his academic studies. With his diverse activities, he would not allow his studies to be ignored. One of our mutual friends Mahesh Bharti who had lived at Govindjee's house for sometime told me that even on the days Govindjee would say that he was feeling unwell, he would sit on his study table for 4-5 h at a stretch. Not surprising, he topped in his BSc and MSc classes.
Today, while writing this, I look back at the life of Govindjee, and I am reminded of 'Arjun', a well-known character in the great Indian epic Mahabharat. Arjun and his brothers were learning archery from their Guru (the teacher) Drona. One day the Guru decided to test the skills of his disciples. He declared that one who would pierce the eye of the bird sitting on the tree would be declared winner. Accordingly, one of the disciples aimed his arrow at the eye of the bird. The Guru asked him does he see the bird? Does he see the feathers of the bird? Does he see the beak of the bird? The disciple replied in affirmative. Then he shot the arrow but missed the bird's eye. Similarly, all other disciples of the Guru, except Arjun, admitted seeing the bird, its feathers and its beak while aiming at its eye. They failed to hit the eye. At last, Arjun was summoned. When he aimed his arrow at the eye of the bird, the Guru asked him if he was seeing the bird. Arjun replied-'No'. Guru again asked him if he was seeing bird's feather or beak. Arjun replied-'No'. Guru asked him-'What do you see?' Arjun replied-'I see the bird's eye. Only the eye, and nothing else.' And when Arjun shot the arrow, it hit the bird's eye. Similarly Govindjee is focused on photosynthesis. He lives, breathes and talks photosynthesis. He has hit the bird's eye.
One cannot talk of Govindjee without mentioning Rajni. The two are inseparable, and probably 'made for each other', by some ''Higher Power''. We feel proud of them. Govindjee is not much different from all of us, but he has lived his life differently from all of us. As enjoined in holy Vedas, I pray that Govindjee may live for a hundred years, serving science and humanity.
The first time I met Govindjee was during his stay at JussyLullier, in Switzerland, when visiting Reto J. Strasser, with whom I was collaborating during 1993-2000. Govindjee became interested in my project regarding the simulation of the fast phase of chlorophyll a fluorescence induction, and gave me much helpful information regarding PS II function, writing his comments on the blackboard, and explaining to me how several PS II components were supposed to influence the chlorophyll a fluorescence. He also helped me by selecting the right references, by advising me how to organize the paper, and by editing it. Even when he was not there, I used to FAX him parts of the manuscript that we were writing, to ask for his advice. I vividly remember that once, by error, I called his home phone number instead of the fax and I woke him up in the middle of the night; I felt awful, but he mildly admonished me not to repeat that mistake. This was my first paper with him as co-author, which was published in the Journal of Theoretical Biology in 1998 (Stirbet et al. 1998) . Then, I met Govindjee in person at the XIth International Photosynthesis Congress in Budapest, Hungary, where I had the privilege to introduce to him some of my Rumanian colleagues from the University of Bucharest, who were extremely impressed.
I left Switzerland for USA in 2000. In January 2010, to my surprise, I received an e-mail from Govindjee in which he wished me Happy New Year and asked me to write with him a paper in honor of Reto J. Strasser, who had retired. As I am not affiliated with any university or laboratory, he agreed to provide me with all the research papers necessary to work on the analysis of the OJIP fluorescence transient. It took us some time to put all the information together, but we succeeded in publishing this important paper in the Journal of Photochemistry and Photobiology (Stirbet and Govindjee 2011 ). Since we found our collaboration rewarding, we wrote a second review on chlorophyll a fluorescence induction published in Photosynthesis Research (Stirbet and Govindjee 2012) , and now, we continue to work on several of his ideas on other projects for future papers. He suggested even the subject of the paper (Connectivity in PSII) that I wrote for this special issue of Photosynthesis Research.
During these past few years of close interaction I realized how wonderful and compassionate a person Govindjee is, and how great and contagious is his passion for photosynthesis research. I consider myself extremely lucky to have the opportunity to acquire such a great mentor and good friend. However, collaborating with him is not always easy. He has high working standards, and is very demanding regarding the correctness and precision of all scientific ideas and language. Especially regarding the English language, Govindjee is very demanding, and as have many of his former foreign students and collaborators, I received from him the little book The Elements of Style by Strunk and White, and I am often reminded to perfect my English. In all this time, I have not met with him in person, our communication being limited to e-mails or phone calls. However, now, after 15 years, I finally met him during the 16th International Photosynthesis Congress in St. Louis. It was a fruitful although brief meeting.
Colin Wraight
Professor of Biochemistry, Biophysics and Plant Biology University of Illinois at Urbana-Champaign Govindjee was already well known to me before I arrived at the University of Illinois at Urbana-Champaign, in 1975. He was not only well-respected for his extensive and seminal work on the Emerson enhancement effect and on chlorophyll fluorescence, but he was also a warm and immensely likeable ''character'', who was totally approachable by anyone interested in photosynthesis-a trait that has not diminished over the years. As a graduate student I was lucky enough to attend the first international photosynthesis congress, in Freudenstadt, in 1967, where Govindjee announced that he was taking Triton X as his first name.
When I came to Illinois, my lab was next door to Govindjee's, and was so for many years. The mentoring I received from my department was outstanding, but none more so than Govindjee's. Gov went out of his way to ensure that anything in his lab was available to me, if needed, and he constantly engaged me in discussions and analyses of his lab's work, as well as encouraging collaborations. The latter I largely eschewed, knowing that establishing my independence was essential to my career development, but I did work on one very enjoyable project with Gov's graduate student, Paul Jursinic.
All through my career, Gov has been a wonderful mentor, colleague and friend, and I can't really imagine how things might have been without his constant and nurturing presence. Even today, he continues to pay deep and meaningful attention to the well being of all his colleagues. My wife, Mary, and I consider ourselves very lucky to know Govindjee and his wife, Rajni, and to be among their friends.
[I would like to mention the outstanding papers Wraight and Govindjee have published together: Jursinic et al. (1978) , Shopes et al. (1989) , Wang et al. (1992) , and Shinkarev et al. (1997) … JJE-R.]
Concluding remarks
Following these wonderful tributes it still remains to congratulate Govindjee on the many other honors he has received over the years. Just a few of them are mentioned Finally, we end this Tribute by showing photographs that celebrate his life in different ways. We know that he loves to take photographs and enjoys them. We have already shown Figs. 2, 3, 4 and 5, Fig. 2 showed his photographs with the 2013 Awardees of the Govindjee and Rajni Govindjee Awards for Excellence in Biological Sciences. Figures 3, 4 and 5 showed his photographs with some of the many others he enjoys being with-both at home and on his travels, Govindjee cherishes having conversations with many scientists from those starting out on their careers to Nobel laureates. Figure 6 shows a 2013 photograph with John Walker (Nobel laureate in Chemistry, 1997) . Figure 7 shows a photograph, taken at the 16th International Photosynthesis Congress, August, 2013, with two of the scientists who are also 80
? and who Govindjee admires for their research and discoveries: Pierre Joliot of France and Ken Sauer of Berkeley, California. Finally, Fig. 8 shows what he enjoys most: looking and working with plants-both in the lab and outdoors. Happy 80th to you Gov from all your photosynthesis friends and colleagues around the World and I'm sure we are joined by all you have touched with your warm humanity in many other walks of life 3 .
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